Kidneys contribute to glucose homeostasis by reabsorbing filtered glucose in the proximal tubules via sodium-glucose cotransporters (SGLTs). Reabsorption is primarily handled by SGLT2, and SGLT2-specific inhibitors, including dapagliflozin, canagliflozin, and empagliflozin, increase glucose excretion and lower blood glucose levels. To resolve unanswered questions about these inhibitors, we developed a novel approach to map the distribution of functional SGLT2 proteins in rodents using positron emission tomography with 4-[ 18 F]fluoro-dapagliflozin (F-Dapa). We detected prominent binding of intravenously injected F-Dapa in the kidney cortexes of rats and wild-type and Sglt1-knockout mice but not Sglt2-knockout mice, and injection of SGLT2 inhibitors prevented this binding. Furthermore, imaging revealed only low levels of F-Dapa in the urinary bladder, even after displacement of kidney binding with dapagliflozin. Microscopic ex vitro autoradiography of kidney showed F-Dapa binding to the apical surface of early proximal tubules. Notably, in vivo imaging did not show measureable specific binding of F-Dapa in heart, muscle, salivary glands, liver, or brain. We propose that F-Dapa is freely filtered by the kidney, binds to SGLT2 in the apical membranes of the early proximal tubule, and is subsequently reabsorbed into blood. The high density of functional SGLT2 transporters detected in the apical membrane of the proximal tubule but not detected in other organs likely accounts for the high kidney specificity of SGLT2 inhibitors. Overall, these data are consistent with data from clinical studies on SGLT2 inhibitors and provide a rationale for the mode of action of these drugs.
Under physiologic conditions, 99% of the glucose filtered by the kidney is reabsorbed by the renal tubules. The bulk of the reabsorption occurs in the early proximal tubule, and it is mediated by Na + -dependent glucose transporter 2 (SGLT2). Remainder is reabsorbed in the distal part of the proximal tubules by SGLT1. 1 To improve the understanding of SGLT2 and SGLT1 roles in glucose reabsorption, knockout (KO) mice models have been generated. Deletion of SGLT1 (Sglt1 2/2 ) 2 resulted only in a slight increase in renal glucose excretion. Deletion of SGLT2 (Sglt2 2/2 ) 3 resulted in profound glycosuria; however, the data suggested that SGLT1 can partially compensate for SGLT2 loss. Double KO (Sglt1 ) 4 showed complete urinary excretion of the filtered load, which is in agreement with a role of SGLT1 in glucose reabsorption.
Imaging using positron emission tomography (PET) and positron-emitting imaging probes is a technique to investigate in vivo biochemical processes in rodents and humans. 2-Deoxy-2- [ 18 F]-fluoro-D-glucose has been extensively used to study glucose metabolism in health and disease. 5 However, 2-deoxy-2-[ 18 F]-fluoro-D-glucose is only a substrate for facilitative GLUT transporters and not for SGLTs. 5, 6 In contrast, we have shown that a-methyl-4-[
18 F]-fluoro-4-deoxy-D-glucopyranoside (Me-4FDG) is a substrate for SGLTs and not GLUT1 and GLUT2, 6 thus being a suitable tracer to evaluate SGLT contribution to regional glucose metabolism. We have synthesized a radiofluorinated tracer 4-[
18 F]fluoro-dapagliflozin (F-Dapa) that binds specifically to SGLT2 transporters. Dapagliflozin belongs to a new class of drugs that selectively inhibits SGLT2 in the renal proximal tubule, developed with the aim of lowering plasma glucose levels in patients with diabetes. 7, 8 We characterized in vivo functional expression of SGLT2 transporters via quantitative microPET with F-Dapa in rodents. Our conclusions are that SGLT2 is only functionally expressed at a high density in the apical membrane of the early proximal tubules in the kidney cortex and that, after filtration, SGLT2 inhibitors are reabsorbed by the kidney and excreted by the liver into bile.
RESULTS

Inhibition of SGLT Activity Causes Renal Me-4FDG Excretion
We have previously shown 6, 9, 10 that Me-4FDG in combination with microPET is a useful tool to study in vivo functional SGLT activity. To confirm that dapagliflozin specifically inhibited SGLT2, we measured the excretion of Me-4FDG into the urinary bladder of wild-type (WT) mice with or without injection of SGLT inhibitors. We compared two inhibitors: phlorizin, a blocker of all SGLTs, and dapagliflozin, a specific SGLT2 inhibitor. 11, 12 In WT animals (Figure 1 ), we only detected negligible amounts of Me-4FDG in the bladder (60 minutes after injection, ,1% of the total injected dose [ID]; 0.03860.017 MBq). Intravenous injection of phlorizin (10 mg/kg) ( Figure 1 ) resulted in Me-4FDG excretion in the bladder. The time course of tracer appearance in the bladder showed a sigmoidal shape and reached saturation after 30 minutes (2.760.2 MBq or 35% ID after 60 minutes).
Injection of 1 mg/kg dapagliflozin resulted in high Me-4FDG excretion. As for phlorizin, the time dependence was sigmoidal, and saturation was reached after 50 minutes. The total amount of Me-4FDG in the urinary bladder after 60 minutes was 4.660.3 MBq or 45% of the ID (Figure 1) . In both cases, the 1-to 2-minute delay in Me-4FDG in reaching the bladder is caused by the transit time between the proximal tubule and the bladder.
SGLT2 Expression
To evaluate the expression of SGLT2 using PET imaging, we took advantage of the development of dapagliflozin. 13 We first synthesized and tested the potency of fluorodapagliflozin (in which the 4-OH group in the glucose ring is substituted with a fluorine atom) ( Figure 2 ) in HEK293T cells expressing SGLT1 or SGLT2. 12 Fluoro-dapagliflozin has the same affinities for hSGLT2 and hSGLT1 as dapagliflozin (K i values of 6.0 and 350 nM). On the basis of these results, we synthesized F-Dapa.
We analyzed the distribution of F-Dapa in WT, Sglt1 2/2 , Sglt2 2/2 , and Sglt1 2/2 Sglt2 2/2 mice. Figure 3A shows the distribution of F-Dapa in mice 1 hour after intravenous injection: the tracer was found mainly in the kidney of WT and Sglt1 2/2 mice, but it was absent from the kidney in Sglt2
and double Sglt1 2/2 Sglt2 2/2 mice. In Figure 3B , the amount of F-Dapa in the kidney is plotted as a function of time after intravenous injection. After the rapid distribution and washout of F-Dapa in the vascular tree (not shown), the tracer started to accumulate in the kidneys of WT and Sglt1 2/2 mice and approached steady states of 33%61% and 34%6 2%, respectively, of the injected dose per gram tissue (ID/g) within 60 minutes. In the Sglt2 2/2 mice, both single and double KOs, we observed the initial distribution of F-Dapa through the vascular tree (not shown) followed by a slow washout to steady states of 7.3%60.6% and 6.0%60.5% ID/g, respectively (i.e., fivefold lower than that obtained for the WTand Sglt1 2/2 mice). The time constant of specific F-Dapa binding, approximately 10 minutes, was obtained by subtracting the binding measured at each time point in Sglt2 2/2 mice from the one measured in WT and Sglt1
To explore the specificity of F-Dapa for SGLT2, we performed studies on rats: the advantage is that we can continuously monitor blood levels in the larger animal but with the disadvantages that (1) SGLT KOs are not available and (2) it is not yet possible with existing scanners to continuously image the whole animal. As for WTmice, F-Dapa binds specifically to the kidneys in a time-dependent manner, reaching a steady state in 30 minutes (Figure 4) . At 60 minutes, the percentage of ID in the left kidney was 5.5% ID/g. Analysis of the blood samples showed that, after the initial phase where the tracer was distributed in the vascular tree, F-Dapa activity dropped to negligible levels (0.35% ID/g) ( Figure 4) .
To confirm the specificity of F-Dapa binding in rats, we performed competition experiments. In a first set, dapagliflozin was injected 1 hour before F-Dapa, and microPET images were collected. Dapagliflozin preinjection prevents F-Dapa binding (Figure 4) . At 60 minutes, activity was reduced to 0.55% ID/g (close to blood level), corresponding to a 90% decrease in F-Dapa binding. There was no change in the activity of F-Dapa in blood ( Figure 4) . As for mice, the time constant for the specific binding was approximately 11 minutes obtained by subtracting the F-Dapa binding measured in the presence and absence of excess dapagliflozin (data not shown).
In a second set of experiments, a bolus of cold dapagliflozin (or phlorizin) was injected 20 minutes after F-Dapa. Dapagliflozin (and phlorizin; not shown) caused a rapid displacement of F-Dapa to a new steady state close to the activity in plasma ( Figure 5B ). This is reflected in the F-Dapa microPET images of the kidney ( Figure 5A ). Supplemental Movie 1 shows F-Dapa binding during the course of the whole microPET experiment. After dapagliflozin injection, there was rapid displacement of the tracer from the kidneys; none appeared in the urinary bladder or renal pelvis, but its conjugates appeared in the gastrointestinal tract.
On the same rat, we also determined F-Dapa in the urinary bladder and blood (femoral artery and the renal vein) throughout the experiment. As shown in Figure 5B , lower panel, the amount of F-Dapa in the bladder was negligible before and after displacement with cold dapagliflozin (compare with Figure 5A ), whereas we observed that the F-Dapa in blood and renal vein transiently increased after dapagliflozin injection.
Microscopic Location of F-Dapa
MicroPET studies show that F-Dapa binds specifically to SGLT2 in the kidney cortex. F-Dapa binding is displaced by excess cold dapagliflozin and markedly reduced in Sglt2
and Sglt1 2/2 Sglt2 2/2 mice but not in Sglt1 2/2 mice. Given that fluoro-dapagliflozin is a high-affinity, selective inhibitor of SGLT2 (K i of 5 versus 330 nM for SGLT1) with a slow dissociation rate (t off ..300 versus 2 seconds for SGLT1), 12 we reasoned that microscopic distribution could be visualized using autoradiography. Figure 6 shows the grain distribution over a 5-mm section of whole kidney, an enlarged section of the kidney cortex, and a higher magnification view of tubules surrounding a glomerulus. The high grain density over the outer cortex was eightfold higher than in the inner medulla. There was a lower density over the outer stripe of the medulla, and there were a few individual projections into the medulla inner stripe. At higher magnification, a high grain density was apparent in some tubules surrounding glomeruli (16365/500 mm 2 ) compared with others (4162/500 mm 2 ). The density over glomeruli in the outer cortex was significantly higher than in the background (7062/500 mm 2 ). The distribution of F-Dapa grains over the mouse kidney closely mimics the distribution SGLT2 gene expression in rat kidney 14 and SGLT2 antibody binding to mouse, rat, and human kidneys. 9, 15, 16 There is no significant SGLT2 expression in these kidney glomeruli. 
Metabolites of F-Dapa
We monitored F-Dapa and its metabolites in plasma and urine by radio thin-layer chromatography (radioTLC) ( Figure 7 ). In rats, F-Dapa showed only limited peripheral metabolism, with 98% and 80% of the activity identified as the parent molecule at 2 and 80 minutes after intravenous injection, respectively. A higher rate of peripheral metabolism was observed in mice, because only 51% of the activity in plasma was the parent molecule at 80 minutes. In rat and mouse urine collected after 80 minutes, F-Dapa was 7% and 0% of the total activity injected. The identity of the 18 F metabolites in plasma and urine has not yet been determined, but the major band in mouse plasma and urine may be F-dapagliflozin-3-O-glucuronide, the major metabolite found in human plasma and urine. 17 Finally, 97% of the activity extracted from rat kidney was F-Dapa.
Organ Specificity of F-Dapa Binding
MicroPET images of mice and rats show the specific binding of F-Dapa to the kidney cortex and little to no binding in other organs ( Figures 3A and 4) . A summary of the distribution of the steady-state F-Dapa binding throughout the rat in the presence and absence of excess dapagliflozin is shown in Figure 8 . The specific binding of F-Dapa to the whole kidney was sixfold higher than the nonspecific binding, and within the limit of sensitivity, no displaceable binding was observed in heart, skeletal muscle, brain, liver, or salivary gland. This shows that density of functional SGLT2 protein in the plasma membranes of extrarenal organs is low relative that in the kidney, and this is consistent with previous findings that SGLT2 immunoreactive protein was absent from extrarenal organs in the mouse. 15 The level of nonspecific binding was comparable in all organs, except for the significantly lower level in brain, which is taken as the lack of F-Dapa permeation across the blood-brain barrier. We also note that displacement of F-Dapa binding to the rat kidney by dapagliflozin was not accompanied by an increase in activity in the urinary bladder.
DISCUSSION
Proximal tubules play an important role in glucose homeostasis by salvaging glucose that would otherwise be excreted into the urine. In humans, approximately 180 g glucose is reabsorbed each day by two transporters in the apical membrane of the proximal kidney tubule: SGLT2 in the early proximal tubule plays a dominant role, whereas SGLT1 in the late proximal provides a substantial reserve capacity. [2] [3] [4] This is important, because the specific SGLT2 inhibitors used to treat patients with type 2 diabetes only block approximately 50% of the total glucose reabsorption. 7 Previous experiments 6 have shown that Me-4FDG is a specific substrate for SGLTs that can be used to investigate renal glucose transport dynamics by microPET imaging. In WT mice, Me-4FDG is not excreted into the urinary bladder, but in Sglt1
and Sglt2 2/2 mice, it is excreted into the urinary bladder. The role of SGLTs in tubular reabsorption is confirmed here, where the nonspecific and specific SGLT2 inhibitors, phlorizin and dapagliflozin, increased Me-4FDG excretion into the bladder (Figure 1) .
The goal was to use PET imaging and a new dapagliflozin radioligand to follow the distribution of the SGLT2 inhibitor in a single animal in real time and determine the location of SGLT2 proteins on the extracellular surface of cells throughout the body. Given the spatial resolution of PET imaging, 3 mm 3 , we then mapped the cellular location of SGLT2 in the kidney by ex vivo autroradiography. Our results provide novel insights into the in vivo physiology and pharmacology of an SGLT2 drug used to treat patients with diabetes.
F-Dapa as a Specific Ligand to Study SGLT2 Distribution In Vivo Our strategy was to develop an 18 F-labeled PET ligand starting from the high-affinity, highly selective SGLT2 inhibitor dapagliflozin. 13 We confirmed the specificity of F-Dapa binding to the kidney in vivo using two approaches: (1) (Figure 3) . This confirmed our in vitro experiments showing that fluoro-dapagliflozin binds selectively to SGLT2 over SGLT1. 12 Cold dapagliflozin (and phlorizin) also competed with and displaced F-Dapa binding to SGLT2 in the renal cortex, reducing it to the level detected in plasma (Figures 4 and 5B ). This together with our radioTLC analysis clearly show that F-Dapa is a valid radioligand to detect SGLT2 in vivo.
The spatial resolution of microPET imaging, 3 mm, does not allow the determination of the cellular binding of F-Dapa. To solve this, we turned to ex vivo microautoradiography ( Figure  6 ). The rationale was that F-Dapa is a high-affinity (5 nM), specific ligand for SGLT2 with a slow off rate (.300 s) 12 . F-Dapa autoradiographic images of kidney slices show that F-Dapa is bound to the kidney with a pattern closely resembling the in situ hybridization of SGLT2 mRNA in the rat kidney 14 and SGLT2 antibody binding. 9, 16 Higher magnification shows that F-Dapa silver grains are concentrated in tubules in the outer cortex and that at the highest magnification silver grains are concentrated in some but not all of the tubule sections close to glomeruli ( Figure 6C ). These results suggest that F-Dapa is filtered at the glomerulus and binds to the apical membrane of early proximal tubules. This is consistent with (1) the free glomerular filtration of the nonspecific SGLT inhibitor phlorizin, the phlorizin inhibition of glucose reabsorption, and the displacement of [ 3 H] phlorizin binding by excess cold phlorizin 18 as well as (2) the observation that SGLT2 inhibitors only block glucose transport when present on the outside surface of the cell. 19 
F-Dapa Excretion and Metabolism
Pharmacokinetic and pharmacodynamic studies in humans have revealed that dapagliflozin has a plasma half-life of 13 hours, and only 1.2% of the oral dose appears unmodified in the urine. 20 Elimination occurs by metabolism, mainly in the liver and kidneys, and excretion via the bile into the intestine. A major metabolite is the nonactive dapagliflozin-3-O-glucuronide, which is excreted in the urine. Our data in rats showed that the amount of F-Dapa (and/or metabolites) in the bladder is negligible, even after injection of cold dapagliflozin, ,2% ID, suggesting that the tracer is not excreted via the renal system over this time period. RadioTLC ( Figure 7 ) experiments, moreover, showed that only 12% of the parent compound in rats and none of the parent compound in mice migrate as the parent compound in the urine sample.
RadioTLC experiments (Figure 7) showed that 80% of the parent F-Dapa is found in the rat plasma, whereas only 51% of plasma activity could be attributed to the parent drug in mice. The mouse data are similar to both our F-Dapa (not shown) and the [ 14 C] dapagliflozin results in human subjects. 17 After displacing F-Dapa from the kidney, we observed a transient increase in the concentration of F-Dapa in plasma, especially in the renal vein ( Figure 5B ). This along with the lack of F-Dapa binding in the renal medulla ( Figure 6 ) indicate that F-Dapa is reabsorbed by nephrons back into blood. Reabsorption is specific, because the percentage of another SGLT2-specific drug, empagliflozin, excreted into the urine is an order of magnitude higher than that of dapagliflozin and canagliflozin. 21 Likewise, the nonselective inhibitor [ phlorizin. 18 The renal and liver transporters responsible for dapagliflozin uptake and excretion into the bile are as yet unknown.
Summary
We have used a novel noninvasive imaging method with high temporal and spatial resolution to follow F-Dapa binding to SGLT2 proteins on the extracellular surface of organs through the entire living body. A high density of functional SGLT2 expression was found in the early proximal tubules of the kidney, some .15-fold higher than the density in any other organ. This supports the previous indirect evidence provided by SGLT2 immunohistochemistry and gene expression. 9, [14] [15] [16] Therefore, for at least one SGLT2 inhibitor, dapagliflozin, we have obtained the direct evidence that the drug acts on the apical membrane of the early proximal tubule after glomerular filtration and then, is reabsorbed by the nephron back into blood. These rodent data are consistent with the clinical studies of SGLT2 drugs in healthy individuals and patients with type 2 diabetes and provide a scientific rational for the clinical observations on their specificity, mode of action, and apparent lack of adverse effects. Finally, we propose that PET imaging of SGLT2 inhibitors provides a new tool in rodent and human subjects to determine the kinetics and regulation of SGLT2 expressed in the kidney under physiologic, pharmacologic, and possibly, pathologic conditions (e.g., diabetes and insulin effect on SGLT2 expression 22 ).
CONCISE METHODS
Radiotracer Synthesis
Me-4FDG was synthesized with chemical and radiochemical purities .97% and a specific radioactivity .2000 Ci/mmol. 23 F-Dapa was synthesized from acetylated galacto-4-O-Dapa-triflate (described elsewhere). Briefly, the acetylated precursor galacto-4-ODapa-triflate in anhydrous acetonitrile was fluorinated with [
18 F]-fluoride in the presence of K 2 CO 3 and Kryptofix222 at 90°C for 15 minutes and then, hydrolyzed with LiOH (1 M) in methanol. The product was purified by semipreparative HPLC (Retention Time=24 minutes; Grace Altima C18; 5 mm; 103150 mm; 42% EtOH in water; 4 ml/min) and reconstituted in 10% ethanol-sterile saline solution for animal injection. The probe had a chemical purity .90%, a radiochemical purity .95%, and a specific radioactivity $4000 Ci/mmol.
Chemicals
Dapagliflozin and fluoro-dapagliflozin were synthesized, 12, 13 and their molecular structures are shown in Figure 2 .
Animal Preparation
The animals used were Sprague-Dawley male and female rats (Charles River Laboratories, Wilmington, MA) and mice (C57BL/6 male and female; The Jackson Laboratory, Bar Harbor, ME; male Sglt1 
Image Analyses
Images were displayed and analyzed using the AMIDE software. 26 Three-dimensional regions of interest (ROIs) were drawn over the organs.
For mice, the total ID was estimated from the total counts in the whole-body ROI on the last image frame. 27 For rats, where the micro-PET scanner covers only part of the body, the total ID was the one measured before injection. The average radioactivity, calculated on each time frame to obtain the time course of the distribution in the different organs, was normalized to the ID to calculate the ID/g: % ID=g ¼ C T 3V T =W T 31=D Inj 3100 %, where C T is the radioactivity in the tissue derived from microPET images with the unit of milliCuries per milliliter. W T and V T are the weight and volume of the tissue, respectively, and the density of the tissue was assumed to be approximately one. D Inj is the ID (milliCuries).
Results are presented as means6SEM, and Welch t test was performed using Prism 4.02 (GraphPad Software, La Jolla, CA).
F-Dapa in Rat Plasma
Before microPET imaging, the right femoral artery and in some experiments, the left renal vein of a rat were cannulated. 28 Serial blood samples (approximately 40 ml) were manually drawn from the femoral artery and renal vein. The first nine samples were collected within the first 2 minutes, and the rest of the blood samples was collected at 10, 19, 22, 25, 30, 40 , and 58 minutes post-tracer injection and placed in heparinized microhematocrit tubes (Fisherbrand, Houston, TX). Blood samples were immediately centrifuged to separate the plasma from the cells. The radiolabeled tracer concentration in whole blood and plasma was measured by a g-well counter (WIZARD 3"; PerkinElmer, Waltham, MA).
Competition Experiments Rats
For preinjection experiments, dapagliflozin (1 mg/kg) in saline was injected via the femoral vein 1 hour before F-Dapa bolus injection (the plasma clearance half-life of dapagliflozin is approximately 4.6 hours 13 ). In a second set of experiments, 20 minutes after the beginning of the scanning protocol, dapagliflozin (1 mg/kg) was injected as a bolus via the femoral vein contralateral to the tracer injection site.
Mice
Mice were injected via the tail vein with dapagliflozin (1 mg/ml) or phlorizin (10 mg/kg) 29 in saline solution right before Me-4FDG injection.
Ex Vivo Microautoradiography
Glass coverslips (22360 glass; no. 1 thickness; Corning, Corning, NY) were coated with Amersham LM-1 Emulsion (GE Healthcare, Waukesha, WI) and dried before the experiment. Each mouse was injected with 4 mCi F-Dapa, euthanized after 1 hour, and perfused intravenously with saline. Kidneys were removed, sliced in half, and frozen in dry ice/isopentane. Sections of 5-7 mm were cut at 225°C on a cryostat (Leica CM3050; Leica Microsystems, Buffalo Grove, IL ), placed on Superfrost Plus (Fisher Scientific, Waltham, MA) slides, and dried. Coverslips were carefully placed over each kidney slice and exposed overnight. After separating the coverslips from the tissue, the autoradiograms were developed in Konidol-X (Konika) for 5 minutes, fixed in Fuji General Purpose Fixer (Fujifilm, Tokyo, Japan) for 10 minutes, and washed in water for 15 minutes. Each kidney slice was stained with hematoxylin and eosin (H&E) using standard protocols. Specimens were processed at the Microscopic Techniques Laboratory, Brain Research Institute, University of California, Los Angeles. Images of each autoradiogram and H&E section were acquired using the Aperio ScanScope AT Scanner in the Translational Pathology Core Laboratory, Department of Pathology and Laboratory Medicine, University of California, Los Angeles and manually aligned using Adobe Photoshop 5.0 (Adobe Systems, Inc., San Jose, CA). Scale bars were calculated using the Aperio ImageScope visualization software. The grain intensity over the kidney was estimated using ImageJ software (National Institutes of Health). Circular ROIs (0.0005 mm 2 ) were drawn over the cortex/medulla and glomeruli/ tubules using the H&E staining as a reference. Results were calculated as means6SEM, and Welch t test was performed using Prism 4.02 (GraphPad Software).
F-Dapa Metabolites
The percentage of intact F-Dapa in rodent plasma, urine, and kidney was quantified by radioTLC analysis of the extracted samples. Note that previous studies in rat, dogs, humans, and monkeys have shown that approximately 90% of the dapagliflozin is bound to plasma proteins. 8 Blood samples (approximately 0.5 ml) were collected from the tail vein 5 minutes after tracer injection, and after 80 minutes, animals were euthanized to collect blood, urine, and kidney. The blood samples were centrifuged, and plasma was extracted with three volumes of methanol and cleared by centrifugation. The rat urine sample was diluted with two volumes of methanol, whereas mouse urine was not diluted. The kidneys were homogenized in PBS (500 ml). The suspension was mixed with methanol (1 ml) and water (500 ml). After centrifugation, the pellet was extracted again with methanol and water (2:1 ratio). The supernatants were combined. The extraction efficiencies of plasma samples and kidney tissue were $90%.
Each sample was aliquoted to give about 2000 cpm each and applied to a TLC plate (2310 cm; Whatman C18). The spotted TLC plates were developed in a mixture of methanol, tetrahydrofuran and water at the indicated ratio. The developed plates were dried and exposed on a phosphor storage image plate (Fujifilm BAS-2025; Fuji) in an autoradiography cassette overnight. Autoradiography images were obtained on a Fuji BioImaging System FLA-7000 and analyzed using MultiGauge software (Fuji).
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